Consistent with the worldwide demographic trend of population aging, dementia is expected to become a burgeoning public health problem in Asian populations.Thus, there is a pressing need for reliable and valid methods of dementia diagnosis and staging that are applicable in heterogeneous Asian populations. The Clinical Dementia Rating (CDR) is an informant-based global assessment scale with established reliability and validity that has been widely utilized as a severity-ranking scale in many studies of Asian populations. From a diagnostic standpoint, the CDR is congruent with the Diagnostic and Statistical Manual of Mental Disorders approach of dementia diagnosis. It exhibits excellent discriminatory ability in the very mild stages of dementia, a useful property that is germane to the surging interest in mild cognitive impairment and related concepts. Limitations of the CDR include its length of administration, reliance on clinical judgment and collateral source information, and relative insensitivity as a measure of change in interventional studies. Since the exercise of clinical judgment is inherent in scoring, CDR raters should be mindful of the influence of cultural factors on premorbid lifestyle, informant reliability and performance in certain CDR test items (especially those pertaining to the categories of judgment and problem solving, community, and home and hobbies). Thus, in future studies that involve the nascent use of the CDR in Asian populations, it is recommended that any transcultural adaptation of CDR items be described in detail and appropriate validation studies be carried out before adopting the CDR as a yardstick measure of assessment. The potential of adapted versions of the CDR in chronic care settings and advanced cases should be explored.An integrative approach, combining brief informant interview in conjunction with brief objective cognitive testing, could be a viable strategy for dementia screening in the clinical and research setting that warrants further evaluation in Asian populations.
Dement ia accounts for 2% of years of life lived with disability, ahead of other chronic diseases, such as cerebrovascular disease and diabetes mellitus. 1 With the worldwide demographic trend of population aging, Alzheimer's disease and other dementias will become an increasingly major public health problem among the elderly.
The public health implication of dementia is especially pertinent to Asian populations, which contribute almost half (46%) of the worldwide 25 million demented persons (table 1) . 2 Existing disease burden can be estimated by cross sectional prevalence studies. The prevalence rate of dementia among persons aged 65 years and older has been variously reported as 1.8% to 6.3% in Chinese, [3] [4] [5] 3.3% to 8.0% in Japanese, 6, 7 1.4% to 4.0% in Indian, 8, 9 8.2% to 10.8% in Korean 10 and 2.5% to 7.7% in South-East Asian 11, 12 populations. The wide range can be explained by the different sample characteristics, screening strategies and dementia ascertainment methods. The few prospective incidence studies reported rates ranging from 3.2 to 8.9 per 1000-person years among those aged 65 years and older, which is lower than in the United States or Europe. 13 Going forward, dementia incidence and prevalence are expected to increase exponentially in Asian populations. 2 In Japan, for example, the prevalence of dementia patients is expected to triple from 1 million in 1990 to 2.9 million by the year 2020. 6 This defining demographic trend raises the clarion call for reliable and valid methods of dementia diagnosis and staging that are applicable to Asian populations. Challenges abound in the transcultural adaptation of dementia rating scales that are mainly derived from Caucasian populations. There is a high rate of illiteracy and lack of formal education among many of the elderly in Asian populations, especially in rural settings, such that any assessment tool emphasizing numeracy or literacy, even in their first or native language, may underestimate the cognitive abilities of a large proportion of Asian ethnic groups. 14 Culturally-biased assessment methods that assume familiarity with a particular culture (usually Western) would also unfairly bias against culturally-diverse Asian populations with their own distinctive cultural characteristics. If not addressed, these factors could give rise to a well-documented tendency to over-classify some cases in minority ethnic groups with no disease as being impaired. 15 In this regard, objective dementia rating scales that utilize mental status tests or more detailed neuropsychological assessment to establish the presence of cognitive impairment would be particularly vulnerable to many of the challenges outlined above. Ganguli and colleagues 16 reported that the Mini-Mental State Examination (MMSE) required substantial revision or substitution of many items to arrive at a culturally and educationally fair assessment for use in northern India. In contrast, subjective (or global) assessment methods ascertain changes in behavior and everyday functioning brought about by cognitive decline in the context of an individual's past performance. Because the individual himself serves as the basis of comparison, global scales are less susceptible to floor and ceiling effects, or bias due to educational level or cultural differences. 17 They provide a video perspective of longitudinal progression, as opposed to the cross-sectional snapshot afforded by a single result on objective testing. 18 Global measures can also be administered to informants of subjects who are cognitively untestable (such as sensory impairment, severe dementia or acute illness), including retrospective informant-based assessments in deceased individuals. 19 The Clinical Dementia Rating (CDR) is a global clinical scale with established diagnostic and severity-ranking utility that has been widely employed in epidemiological studies, case series and clinical trials in an international context. 20 It has also been adapted for routine clinical use in tertiary clinics 21 and chronic care facilities. 22 The CDR encompasses the strengths of the global approach outlined above. By evaluating cognitive performance with regards to the individual's accustomed functioning in everyday tasks, such that cognitive demands are imposed by one's natural environment within his own cultural and ethnic context, the CDR demonstrates good face validity and is generally more robust against the influence of cultural bias. 23 In addition, it has good inter-rater reliability, 24 concurrent validity as judged by psychometric 25 and neuropathologic correlation, 26 and predictive validity as judged by longitudinal data. 27 Although primarily developed for use in Alzheimer's disease, it has been employed for evaluation of non-Alzheimer dementias.
There have been increasingly more published studies of Asian populations that employ the CDR as a dementia ascertainment scale. In this review, we evaluate the evidence for its utility in Asian populations with regards to its validation and application as a global measure of dementia diagnosis, staging and change. We also highlight considerations pertinent to its use and further research in the Asian context. 
SEARCH STRATEGY AND SELECTION CRITERIA
A comprehensive, systematic MEDLINE search (1990 through July 15, 2006 with no language restrictions) was conducted using the terms "clinical dementia rating", "CDR", "Asia*", "Chinese", "Japan*", "Korea*", "India*", "ethnic*", "dementia" and "diagnosis", and their various combinations. The search was further supplemented by references from retrieved articles and through searches of the authors' own files for literature not covered in MEDLINE. For the purpose of this review, we did not exclude Western studies that also included minority Asian ethnic groups in the areas studied.
THE CDR SCALE
The CDR was developed at Washington University School of Medicine and first published in 1982. 20 It was last revised in 1993. 28 The CDR has established inter-rater reliability and can be administered by any trained personnel (usually a clinician or trained nurse). 29, 30 It employs a semi-structured interview with both the patient and a reliable informant (usually spouse or adult children) to rate performance in six domains: memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care. Each domain is rated (independent of dysfunction caused by non-cognitive factors) according to one of five levels of impairment: 0=none, 0.5=questionable, 1=mild, 2=moderate, 3=severe.
The global CDR score is then assigned according to published rules to indicate the presence or absence of dementia, and when present, its severity. 28 A CDR of 0 indicates no dementia. CDRs of 0.5, 1, 2 and 3 indicate very mild, mild, moderate, and severe dementia, respectively. The CDR 0.5 category can be further divided into two diagnostic subcategories: (1) very mild or incipient dementia and (2) uncertain dementia, comprising individuals with cognitive impairment of insufficient degree to interfere with everyday functioning or possessing another potentially reversible condition (such as depression) that may account for the questionable impairment. 31 In some studies, two additional stages are included for the most severe stages of dementia. 32, 33 Stage 4 describes profound dementia, in which persons have severe impairment in language or comprehension, inability to walk or eat without assistance, problems recognizing their family, and incontinence. Stage 5 refers to terminal dementia, in which persons require total care and are completely uncommunicative, bedridden, vegetative and incontinent. To provide a more quantitative measure of dementia severity, the ratings in each of the six categories can be totaled to yield the sum of boxes score (range: 0-18), which has been employed in clinical trials to track longitudinal progression. 23 The utility of the CDR as a staging instrument is enhanced by two inherent characteristics: (1) property of hierarchy, whereby a global score of 3 represents a worse severity than 2, which in turn is more severe than 1, and so on across all patients and (2) property of concordance in the scores of its six domains, such that in a typical case of mild dementia of the Alzheimer type, most scores in the different domains would hover around 0.5 or 1. 17 The presence of widely divergent scores (such as a mixture of 0s, 2s and 3s) would alert the clinician to the possibility of a non-Alzheimer cause of dementia.
EVIDENCE OF CDR USE IN ASIAN POPULATIONS Validation Studies
Many Asian studies assume the transcultural validity of the CDR and employ it as a gold standard of dementia assessment without local validation. We uncovered only two explicit Asian validation studies that established the reliability and validity of the CDR. 21 21 This underlined the transcultural feasibility of the CDR extending across the three studied races (Chinese, Malay and Indian) and suggested that there are no peculiar racial or language barriers to its use.
Predictive validity is supported by longitudinal data in two Japanese studies of the utility of CDR staging in describing predictive features of progression. 35, 36 Similar to data from the US and Europe, a recent Korean study reported that in subjects with mild cognitive impairment (MCI), the CDR sum of boxes score (especially when combined with word list recall) is a good predictor of progression to Alzheimer's disease. 37 Further evidence of the validity of CDR staging can be indirectly accrued from other Asian neuropathological, 38 genetic 39, 40 and neuroimaging studies. 6, 41, 42 Dementia Diagnosis Because the CDR also defines non-demented aging (CDR=0), it additionally has, in practice, the diagnostic capacity of distinguishing no dementia from dementia even in its mildest stages (i.e., CDR=0.5). 17 The CDR has been demonstrated to be congruent with the DSM-IV approach of identifying dementia in a multi-racial Asian population. 21 Both assess cognitive domains, while the functional domain (community, home and hobbies, and personal care) ratings of the CDR neatly enable the functional decline component of the DSM approach of dementia diagnosis to be systematically looked for.
The CDR has been employed as part of a multi-pronged strategy for the detection of dementia in Asian epidemiological studies in urban [43] [44] [45] and rural settings (e.g., the Tajiri Project 6 and the US-Indo study 8, 13 ). Although primarily used as a staging instrument in these studies, the CDR complements the DSM criteria for the purpose of dementia diagnosis, and it has the added advantage of being able to evaluate both Alzheimer and non-Alzheimer forms of dementia. Measure of Severity This is the most widely used application of the CDR. Compared with the DSM-III-R staging criteria, the CDR demonstrated moderately good agreement (kappa = 0.58) and yielded comparatively better discriminatory ability in the milder stages of dementia. 21 The utility of the 7-stage CDR (inclusive of stages 4 and 5 for more severe stages of dementia) in Asian populations is supported by an American multi-ethnic community study of minority groups, including Asian Americans, that examined the stage-specific prevalence of behavioral symptoms extending across the spectrum of Alzheimer's disease severities. 33 The utility of the CDR as a staging tool has been exploited in different ways. It has been employed in local validation studies of evaluative instruments, whether adapted from non-Asian populations (e.g., IQCODE, 46 Community Screening Instrument for Dementia, 48 Clock Drawing Test, 52 Cognitive Abilities Screening Instrument, 53, 54 Rivermead Behavioural Memory Test, 55 Alzheimer's Disease Assessment Scale Cognitive Subscale, 56 Consortium to Establish a Registry for Alzheimer's Disease psychometric battery, 57 Quality of Life-Alzheimer's Disease, 58 Severe Impairment Battery, 59 Executive Interview 60 ) or de nouveau (e.g., Everyday Abilities Scale for India, 50 Instrumental Activities of Daily Living Scale for elderly people, 51 short memory questionnaire 61 ). The dementia staging ability of the CDR allows patients of appropriate severity to be selected for intervention, 44 For instance, affective and anxiety disturbances tend to be prevalent in the mild-moderate stages of disease, whereas sleep disturbances, delusions and hallucinations are more common in the moderate-to-severe stages. 33 Insofar as this and other studies in Asian populations reveal essentially similar findings to those in Caucasian populations, they support the transcultural cognitive and behavioral manifestation of dementia. 21, 33, 66 This contrasts with the results of inter-ethnic studies that note the existence of cross-cultural differences in health-seeking behavior. Thus, Chow and colleagues 69 reported that Chinese American dementia patients tended to present later compared with Caucasian Americans. Another study in an Asian population has shown, however, that it was the non-Chinese patients (Indians and Malays) who initially presented at more advanced stages compared with Chinese patients. 21 A major strength of the CDR as a severity-staging instrument is its discriminatory ability even in the very mild or incipient stages of dementia. 21 This could be attributable to the CDR's emphasis on cognitive functional decline relative to one's past performance, as opposed to an absolute definition of clear-cut cognitive impairment with loss of functional independence.
The former would represent a more sensitive, and arguably more appropriate, threshold for detection of the subtle cognitive functional changes in the early stages of dementia. 70, 71 Thus, the CDR 0.5 group is well placed for use in studies that seek to examine intermediate states between normal aging and dementia, such as MCI (table 2) . 72 Available studies in Asian populations add to the growing body of evidence in Caucasian populations that the CDR 0.5 group is similar to very mild Alzheimer's disease with regards to cognitive features, 35, 61, 73 behavior, 67 psychometric performance, 72, 74, 75 and longitudinal progression, 35, 37, 76 as well as structural and functional neuroimaging characteristics. 41, 42 Many of these studies utilize a more liberal definition of MCI that equates to CDR 0.5, although some studies subclassify the CDR 0.5 group into MCI not demented (corresponding to CDR 0.5 uncertain dementia) and MCI incipient dementia (equivalent to CDR 0.5 incipient or very mild dementia). 61, 72 The prevalence of CDR 0.5 has been reported to be 30.2% among native Japanese in the Tajiri project and 29.5% among Japanese emigrants to Sao Paulo, Brazil. 72, 77 Prospective studies in Asian cohorts of CDR 0.5 subjects reveal rates of conversion to clinically-evident dementia which are comparable to the Mayo figures (6.5%-19.9% per year versus 10%-15% per year). 35, 37, 76 About 40% in their cohort of community-dwelling incipient dementia subjects do not self-report memory complaints, and thus the Tajiri investigators suggest that the CDR 0.5 concept of MCI is more applicable to community residents compared with the Petersen amnestic MCI criteria which emphasizes subjective memory complaints. 72 
Measure of Change
Global measures of change to measure meaningful clinical change in anti-dementia drug trials are mandated by FDA guidelines. A critical consideration for this purpose is the sensitivity of these instruments in detecting the modest benefits of anti-dementia drugs. We did not identify any study of Asian populations that utilized the CDR primarily in this capacity. In this regard, the CDR has been comparatively less useful as compared to other global measurement scales, such as the Clinician's Interview-based Impression of Change-plus, 78 Clinician's Global Impression of Change 79 
COMMENTARY

Utility of CDR in Asian Populations
The CDR is a comprehensive, reliable and valid informant-based global assessment method that has been successfully employed in dementia studies of Asian populations. By assessing change from the individual's prior level of functioning and tapping on one's accustomed functioning in daily tasks as the basis of cognitive assessment, the CDR demonstrates cross-cultural portability that is applicable across different educational levels and social settings. The semi-structured format permits flexibility in adapting the informant-based assessment to be more relevant and appropriate to the local culture and social setting. The CDR has also contributed to our understanding of incipient or very mild stages of dementia, such as MCI in Asian populations (table 2) .
Specific Considerations Regarding the Use of CDR in Asian Populations
Reliance on Clinical Judgment One major criticism of the CDR is the reliance on clinical judgment for scoring. Nonetheless, the CDR displayed good inter-rater reliability in two Asian validation studies and is highly correlated with brief objective measures (such as MMSE and abbreviated mental test) and more detailed psychometric testing. 21, 34 Moreover, the exercise of clinical judgment to critically appraise the informant account is inherent in all global scales and is essential for a panoramic overview of cognitive and functional abilities. The challenge lies in attuning definitions of impairment to consider prevailing societal norms and perception of normality, 21 so that an accurate CDR rating that is truly reflective of the gestalt of the individual under evaluation can be derived. The CDR rater needs to be mindful of the tendency in many traditional Asian societies to downplay cognitive symptoms out of pious respect or low expectations of the elderly, or the perception of forgetfulness as a reflection of normal aging. 13 One strategy is to corroborate collaborating information with direct observation of the performance of the individual in their everyday activities. 35, 72 Reliance on Collateral Source Information A valid CDR assessment is predicated on the availability of reliable collateral sources who can provide information about a person's current level of cognitive functioning relative to previous levels. 17 In many Asian societies, the elderly are venerated family members living together with their children and grandchildren in extended multi-tier families, and informal caregiving of disabled family members (including those with dementia) is socially mandated. 81 Thus, a ready source of collateral information is often available in the form of spouse, adult children, relatives (not uncommonly, a daughter-in-law is tasked with the caregiving role), or in some instances, domestic helpers employed to look after the infirmed elderly. While the lack of a reliable informant who can provide a longitudinal perspective of change has not yet been a major issue in most published studies of Asian populations, this could change as Asian societies evolve and the younger generation becomes increasingly more disinclined to stay in traditional multi-tier families. Additionally, more research is required to determine if there are informant characteristics that can help predict the accuracy of collateral source reports. Available evidence from studies of Caucasian populations suggests that factors such as type of relationship to the patient, frequency of contact, whether they are living together, age, education, informant's mental health and quality of the informant-patient relationship can affect the quality of collateral source information. 82 
Influence of Culture on CDR Scoring
It is important to appreciate that Asian populations are vastly heterogeneous with regard to language, culture, religious beliefs, gender roles, socioeconomic status and social setting (urban versus rural). Many of the studies of Asian populations assume the transcultural validity of the CDR and do not provide details regarding how specific information related to the individual's cognitive and functional abilities required to score each CDR category is elicited. Notwithstanding the overall cross-cultural portability of the CDR as compared with many of the objective assessment tools, it is important to recognize that the CDR is not entirely free of cultural bias.
Certain items in the CDR can be deemed to be relatively ubiquitous and non-culturally-biased, for example, those that refer to the categories of memory (such as meal preparation, taking responsibility for one's medication, recalling conversations, remembering where things are usually kept) 45 and orientation. In contrast, other functional items that need to be queried in the CDR, especially those pertaining to judgment and problem solving, community, and home and hobbies categories, may be contextually dependent on the local culture (crossword puzzles and board games are uncommon hobbies in many Asian societies, whereas the packing of red packets is useful for screening of executive function among Chinese societies practicing this custom), social setting (looking after farm animals would apply to rural rather than urban settings), 50 literacy (tasks such as telephone use and writing of checks), 50 and gender roles (meal preparation is more applicable to the female gender in certain Asian societies). 50, 83 Similarly, evaluating calculation ability under the judgment and problem solving category would require adaptation to the local culture and social setting. For instance, even the seemingly straightforward serial sevens item on the MMSE may be considered too conceptually abstract for certain cultures. One possibility is to employ culture-free tests, such as the ability to calculate using the local currency, although there may still be concerns about item equivalence in terms of difficulty level. For example, in one study 73 the question "how many 5 cents are in 1.35 local dollars?" was asked. It is debatable if the question would be of comparable difficulty to "how many quarters are there in USD 6.75?", even though the answer to both questions is 27. Cultural differences in the performance of certain CDR test items cannot be discounted. It is the authors' experience that there is disproportionately greater difficulty in conceptualization of similarities among the Chinese. Corroborating evidence comes from the validation study of the Chinese Frontal Assessment Battery, where it was reported that normal controls consistently scored lower on the similarities item (mean=0.71) compared with the other five items, including the differences item (range of means: 2.5-3.0). 84 Not uncommonly, the protectiveness towards the elderly seen in many conservative Asian families, often encourages a longstanding restricted and homebound lifestyle with little variability in their daily routines and where most tasks are taken over by their families. 5, 13 In such circumstances, the utility of testing recent autobiographical memory (which involves the recall of recent events in the last 1 week and 1 month) would be limited. Likewise, the ability to elicit discernible changes from a pre-morbidly low level of functioning can be extremely challenging, especially in the categories of community affairs, and home and hobbies. 21 The rating of impairment is then not easily made when such individuals present in the early stages of dementia.
Taken together, this emphasizes the need for future studies that employ the CDR to describe the transcultural adaptation and considerations unique to the local culture and study setting. In transcultural Asian studies that involve the nascent use of the CDR, it is recommended that appropriate validation studies be done first to establish the validity and reliability of the CDR.
Limitations of CDR in Specific Scenarios
This review highlighted issues in Asian populations that are akin to those in Caucasian populations. One such analogous situation is the assessment of nursing home residents, where practical difficulties exist in establishing a meaningful degree of cognition-related functional decline. This is an area that is expected to feature more prominently in the coming years with the increasing industrialization and erosion of the nuclear family unit in many Asian countries. The potential of a chronic care facility adaptation of the CDR scale could be explored for use in the Asian context. 22 The standard 5-stage CDR does not cater to the measurement of meaningful changes in the more advanced stages of dementia, a need that has become more salient with the arrival of memantine. Future studies should examine the reliability and validity of the 7-stage CDR scale 32, 33 in advanced dementia patients. Moreover, the CDR is comparatively less sensitive for gauging the modest benefits of anti-dementia intervention as compared with other global measures of change, such as Clinician's Global Impression of Change or Clinician's Interview-based Impression of Change-plus, and has not found wide usage thus far in intervention studies. [78] [79] [80] The CDR in Widespread Clinical Use In its current format, the CDR is fairly resource intensive and probably more applicable to research settings. It requires the availability of trained raters, has a fairly complicated scoring system and takes longer than an average office visit permits (clinical interview of the patient and informant together average approximately 60-90 minutes). While the CDR has been successfully incorporated into the workflow of a tertiary referral clinic in an Asian setting, 21 it still remains too cumbersome for general clinical use or as a screening tool in population studies. More research is required to develop and test the applicability of brief informant-based measures comprising high-yield clinical variables that are derived from the original battery of evaluative questions in the CDR interview. An example is the 8-item AD8 informant interview developed by Washington University. The AD8 takes less than 3 minutes to complete, can be administered by clerical staff and demonstrates good discriminatory ability between non-demented (CDR 0) and very mild dementia (CDR 0.5) groups (area under receiver operator curve=0.834, sensitivity 74%, specificity 86%). 85 Ultimately, the optimal performance in Asian settings is likely to be achieved by an integrative approach that combines informant interview with objective cognitive testing, which is the common, albeit impromptu, practice in many clinical settings. This premise is supported by studies of Asians in urbanized 48, 49 and rural 49, 50 settings, as well as a community healthcare screening program to detect community-dwelling older persons in earlier stages of cognitive decline, 44 where a combined approach is superior to either measure alone. Collaborative information from objective testing can also facilitate assessment in situations where a reliable informant is absent or lacking. The combination of brief objective testing in conjunction with a brief informant interview could prove to be a viable strategy for dementia screening in clinical trials, community surveys and epidemiologic studies. 85, 86 
CONCLUSION
The CDR is a versatile global assessment scale with established reliability and validity that has found widespread use as a severity-rating instrument in many studies of Asian populations. From a diagnostic standpoint, its excellent discriminatory ability in the very mild stages of dementia paves the way for its use as a key staging tool in emerging studies examining MCI and related concepts.
Drawbacks to the CDR include its length of administration, reliance on clinical judgment and availability of a reliable informant, and relative insensitivity as a global measure of change. The scoring of certain CDR domains, in particular the categories of judgment and problem solving, community, and home and hobbies, may also be subject to the influence of cultural factors and social settings. Thus, despite the established reliability and validity of the CDR in some Asian populations, 21, 34, 37 its cross-cultural portability should be not assumed across all Asian populations. In transcultural Asian studies involving the nascent use of the CDR, it is recommended that transcultural adaptation of CDR items be described and the validity and reliability of the CDR be established first before its adoption as a gold standard for assessment. Future research in Asian populations should examine the role of the CDR in chronic care settings and advanced cases, informant characteristics that are predictive of collateral source accuracy, and the derivation of a brief informant interview that has clinical and research utility as a dementia screening tool.
